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SUMMARY

This report illustrates the use of NASTRAN® modal synthesis capability
tor some small examples. A classical truss problem is examined and the
results for accuracy are compared to existing results from other metnods.
Inis probiem 1is examlned using both fixed interface modes and tree interface
modes. Tne solutionm 1is carried out for an applied dynamic load down as far
as recovery of forces 1ln individual members as a function of time. another

small beam problem 1s used to compare different means ot '"combining"

substructures.

INTRODUCTION

During the past twenty years, a body of technology has developed within
the general field of structural dynamics that has been identified by the
term modal synthesis. Modal synthesis is a Rayleigh-Ritz approach using
systematically derived displacement functioms. It is used to formulate and
solve the large eigen problems which arise in dynamic analysis of complex
structural systems. Solutions are approximate in the sense that the motion

of the structure is constrained to linear combinations of a limited number
of modes or displacement functions characterizing the behavior of indepen-

dent substructures.



Several researchers have formulated various modal synthesis procedures
in an attempt to reduce computation errors and minimize computer costs.
Hurty developed the first modal synthesis method capable of analyzing
structures with redundant interface connections in references 1 and 2, He
treated the structure as an assembly of connected components, or substruc-
tures, each of which is analyzed separately to derive a set of modes or dis-
placement shapes from which a set of generalized coordinates applicable to
the complete structure is synthesized. Craig and Bampton (ref. 3) simpli-
fied Hurty's formulation by combining two groups of coordinate functions
which Hurty had defined separately. A number of survey papers have been
written by Hou, Goldman, Benfield and Hruda in references 4 to 7. Some
methods are found to be more suitable for certain applications than others.
Yet, experience has shown that no single approach is generally preferred

over the others.

The complexity of aerospace structures increased enormously during the
iast two decades. A new challenge is presented by the proposed space sta-
tion (ref. 8) in that it is an evolving structure that cannot be ground
tested because final configuration may not be known when the first component
is put into space. Therefore, the component mode synthesis method may be
applied for the dynamic analysis of such large structure system in space. A
widely used tool for structural analysis, the NASTRAN® computer program,
contains a modal synthesis capability but, other than the demonstration
problem presented in reference 5, little is publicly known about its

capabilities.

The purpose of the present report is to examine some of the capabili-
ties of this program. This is done by examining two simple problems, a

truss and a beanm.
NUMERICAL EXAMPLES

The modal synthesis procedure in NASTRAN® is applied to two simple
structures. One is a redundant truss confined to lie in a plane but free to
move in this plame. It is composed entirely of ROD elements (no bending

stiffness for all). This example is used to examine convergence character-




istics of the modal synthesis procedure and also to illustrate the transient
response capability all the way down to obtaining stresses in rod members

as a function of time. The second example is a free-free beam. It is used
to examine different ways to '"combine" substructures to yield frequency for

the total structure.

Truss Example

The redundant truss example is the ome used in reference 5 to compare
eight different modal synthesis procedures. The full truss model is shown
in figure 1(a) and its two components shown in figure 1(b). Component A
consists of five equal bays and has a total of 18 joints., Component B con-
sists of four equal bayé and has a total of 15 joints. All members in the
components have identical properties. At the interface of the components in
the full truss model, the vertical member has twice the area of other mem
bers. Basic geometric and material properties are presented in table I
along with the prescribed load for a transient response analysis, An addi-
tional run was made with the full model subdivided into three components

with three bays in each component.

The basic run sequence and substructure operation are shown in figure
2. 1In the figure capitalized letters inside of rectangular blocks indicate
names of psuedostructures used in the analysis. Capitalized letters adja-
cent to, or on, the flow diagram indicate the names of modules that perform
a certain function in the computer program. At the top of figure 2, the
Phase 1 operations formulate the finite element stiffness and mass matrices
using Rigid Format 2. For the convergence study the Phase 2 runs on Rigid
Format 3 were repeated using a different number of modes from the individual
components. Also Phase 2 runs were using free interface modes as well as
the fixed interface modes. A limited amount of data is presented for three

components and naturally a Phase 1 run must be made for this component.

A transient response analysis was made on this free-free truss struc-
ture for an axial load applied to the right end of the truss. The load was
applied for 0.12 seconds and then removed. In order to apply a load at grid

point 42 in component B, this grid point must be included on a BOUNDARY



card. Thus, additional degrees of freedom are created corresponding to this

point. The structure was represented by eight modes from component A, six
modes from component B, and the eight interface modes for a total of twenty-
two modes. The modes for the individual component were determined with the
interface fixed. The standard procedure will obtain displacements back in
the individual component. However, member forces and stresses are not de-
termined automatically, but can be obtained through a simple procedure in a
few steps. In the first step a run is made with DIAG 17 turned on to put
the DMAP sequence on the punch file with an EXIT scheduled after statement
1. A small substructure deck is included to allow the appropriate commands
that interface to the Substructures Operating File (SOF) to be generated.
This punch file is subsequently saved and altered to replace the RECOVER
module with the SDR2 module which can recover element forces and stresses.
The listing of this DMAP sequence and run stream is contained in Appen-

dix A.
Beam Example

This example consists of a beam composed of seven components as shown
in figure 3(a).- All subbeams have a constant length, area and uniform mass
properties. Each component consists of ten equal elements and has a total
of 11 joints as shown in figure 3(b). Basic geometric and material
properties for each subbeam are presented in table II. A lumped mass
formulation is used (no rotary inertia) and, therefore, there are 213

stiffness degrees of freedom in the problem, but only 142 eigenvalues.

Three different ways of '"combining" substructures are illustrated in
figures 3(c), 3(d), and 3(e). The basic run sequences and substructure
operations for each case are shown in figures 4 thru 6. For all cases, the
substructuring Phase 1 operations formulate the finite element stiffness and
mass matrices for subbeam A using Rigid Format 3. The structural matrices
contained in BBASIC, CBASIC, ..., FBASIC are generated as needed by using
EQUIV operation. The basic subbeams are reduced to modal coordinates and
combined together following the procedures shown in figures 4 thru 6. The
eigenvalues of the total beam are obtained by using the MRECOVER command.
The driver decks and sample bulk data for cases 1, 2 and 3 are listed in
Appendices B, C and D. Only fixed interface modes were used but two sets of

runs were made using a different number of modes from the subbeams.



RESULTS

For assessing the accuracy of the modal synthesis procedure, two and
three truss components with fixed or free interface comnection are run to
determine frequencies and compared to results for full model. Percentage
errors in frequency for the combined systems of 12, 20, 28 and 36 degrees of
freedom are shown in tables III thru VI, Here degrees of freedom include
not only the number of flexible modes used but also any interface modes.
Thus, for example, for 12 degrees of freedom results, since there are six
interface modes, only six flexible modes can be shown. Based on the lowest
frequency criterion then four modes were chosen from component A and two

modes from component B.

Figures 7 thru 11 are nondimensional plots that indicate the relative
accuracy obtained by modal synthesis procedures. Also shown on the figures
are results taken directly from reference 5 in which several other proce-
dures are compared. From figures 7 to 10 it can be seen that modes derived
with the interfaces fixed yield better results than modes derived with the

interface free,

For the transient response run the percentage error in displacement for
grid points 41, 42, and 43 of component B are shown in table VII. These
results were produced from the 20 degrees of freedom model. The axial force

in elements 111-113 and 143 of component B are shown in table VIII.

The full beam shown in figure 2 was run to determine its natural fre-
quencies and used as a comparison of results obtained with the various "com
bination" procedures. Table IX shows the percentage error in frequency for
the various "combination" procedures when 62 degrees of freedom are used.
These 62 degrees of freedom correspond to approximately 47% of the total
degrees of freedom in the full model. All three "combination" procedures
yield good results. However, case 1 uses considerably less CYBER 75 CPU
time than the other two cases (53.8 CPU seconds corresponds to 65.3 seconds,
59.1 seconds, respectively). Another run for case 1 was made using 19% of
total degrees of freedom, and 55% frequencies were obtained with less than

1% error in frequency.
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Table I. Truss Geometric

and Material Properties

Typical frame width
fsee fig. 1(b))

1.015 m (40'")

Typical frame height
Fsee fig. 1(b))

0.762 m (30")

Cross—sectional area of
members

it

1.935 c® (0.3 in?)

Young's modulus

1.422x10" Kg (107 psi)
m

Density

H

272.517 Kg-sec”
ry

m

(2.5x107* lbf-sec?)
ini

Transient loads

B2 =

0

2.2x103Kg(1031bf) 0<t<0.128

t>0.128




Table I1I. Beam Geometric and

Material Properties

Typical component length
Fsee fig. 3(b))

2.54 m (100")

Cross section of beam

3.613 co® (0.56 in?)

Young's modulus

1.422x10" kg (107 psi)
m

Density

282.437 Kg-sec2

m

(2.591x10~" 1bf-sec?
in

Total beam length

15.78 m (700")




Table I1I. Frequency for Full Truss and Percent Error in Frequency
for Two Modal Synthesis Models Using 12 Degrees of Freedom

Mode No. Full Truss Free Interface Fixed Interface
(Hz) () (%)
1 65.7771 29.88 0.0015
2 136.3306 4.32 0.0022
3 175.5505 21.9 0.0314
4 202.7780 7.35 0.0198
5 260.3387 3.49 0.0536
6 316.2614 5.12 0.0227
7 334.1522 6l.41 4,21
8 347.1668 142.05 6.439
9 388.1286 183.78 0.97
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Table IV. Frequency for Full Truss and Percent Error in Frequency for Two
Modal Synthesis Models Using 20 Degrees of Freedom
Mode | Full Truss Free Interface Fixed Interface |3 Components
No. (Hz) (% (%) Fixed Interface
1 65.7771 19.23 0.00074 0.00351
2 136.3306 2.82 0.00044 -0.03425
3 175.5505 8.2 0.0087 -0.00915
4 202.7780 2.67 0.0087 0.02232
5 260.3387 2.23 0.0091 -0.00355
6 316.2614 2.0 0.0078 -0.03588
7 334.1522 0.65 0.75 0.00521
8 347.1668 3.9 0.088 0.00469
9 388.1286 0.3 0.23 -0.01105
10 394.1834 0.3 0.1 -0.00029
11 414,9853 1.9 0.18 -0.00924
12 451.2226 8.57 0.078 -0.00182
13 466.3475 8.5 0.14 0.00130
14 504.7402 7.8 0.41 0.01524
15 507.2363 39.7 1.32 0.03394
16 537.3632 58.4 2.0 0.01038
17 575.3048 114.65 0.7 0.00005
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Table VIIL. The Axial Force in Elements of B Substructure
Element No.
Times 111 112 113
0.0 0.0 0.0 0.0
0.003 235.1038 282.6908 235.1038
0.006 252.9327 304.9388 252.9327
0.009 179.1082 254 .,5373 179.1082
0.012 137.4126 223.7419 137.4126
Element No.
Times 141 142 143
0.0 0.0 0.0 0.0
0.003 185.0618 951.0315 185.0618
0.006 199.0282 1021.000 199.0282
0.009 177.9509 1021.209 177.9509
0.012 159.4311 959.688 159.4311
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ABASIC BBASIC
MREDUCE MREDUCE
/
Eigenvector Eigenvector
Data Data
MA MB
CPMBINE
Y
MC@MB
MREDUCE MREC@VER
4 4
Eigenvector
RTRUSS Data
MC@MB
SOLVE
Y
Transient
Data
RTRUSS
RECAVER
Transient Transient
Data Data
ABASIC BBASIC
Displacements Displacements]
RECOVER
Transient Transient
Data Data
ABASIC BBASIC
FORCES FORCES

Figure 2. Substructure Formulation Tree and Solution Sequence

—

Runs 1 and 2
Phase 1, RF2

_

Run 3
Phase 2, RF3

Run 4
Phase 3, RF9
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17.78 m

|
| (700™) I
[ A T B I C [ D I E I F I G |
(a) Total beam model.

le 2.54 m |

| (100™) |

[T @O [G [ T oo Jaol

I 7 3 4 5 6 7 8 9 10 11

(b) Representative finite element model of any component.

| anm— Fou L FoY J
{ —
AB C
. 1 i |
ABC D
ABCD E
ABCDE F
L ) §
ABCDEF G

(d) Case 2 - Components combined sequentially.

AB CD EF

(e) Case 3 - Components combined in pairs.

Figure 3.

ABCD EFG

Total Beam Model and Various Subdivided Representatioms.

Pairs then combined sequentially.
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Driver decks and sample bulk data for two components

truss problem.

APPENDIX A.
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ORIGINAL VAGE iS
OF POOR QUALITY

BDYC ") BBASIC 42

8DYC 4 BASIC 3

U

BDYC A

8DYS1 1 12 31 32 33 , _ '

g0YS1I 3 12 1 2 3 31 32 33

aovsi 52 }2 é 2 3

=154

E?GS 19 GIV .0 1000040 o +€1
1 MAX

E%GR 39x GIV .0 100000 o +Ea
’ Ma

52k 25 GIV .0 10000.0 6 +E3
3 MA

E%GQ 99 GIV o0 10000,0 20 A +E2
z X

?Efws 50 o 30.0 348.0 30,0 .0 240.0 30,0 1,0 +T2
e 00, . '3 )

?gfws io 240.0 .0 .0 240,0 L0 1.0 +T1

+T1 240,0 =100,0 0,0

ENDDATA

-]

NASTRAN FILES = UMF $ CDC AND IBM ]

10 DEM2035 s NASTRAN

APP_DMAP »SUBS

BEGIN DISP 09 =~ DIRECT TRANSIENT RESPONSE ANALYSIS = APR, 1982 3%

PRECHK __ ALL %

FILE UDVT=APPEND/TOL=APPEND %

PARAM //%MPY#/CARDNO/0/0 %

GP1 GEOM1 +GEOM2,/GPL sEQEXINsGPOTCSTMsBGPDTsSIL/SsNsLUSET/ SsN»

NOGPDT/ALWAYS=-1 $

PLTTRAN BGPDTsSIL/BGPOPsSIP/LUSET/SeNs| USEP $

PURGE USET sGMGOIKAAsBAAIMAAIKGAAIPST s KFSeQPsESTeFECT P TSFETXoPI TRPARS

GPSETSsELSETS/NQOGPDT $

COND LBLSsNOGPDT $

GP2 GEOMZsEQEXIN/ECT 3

PARAMY PCOB//#PRES®////JUMPP{ OT $

PURGE - PLTSETX9PL TPARsGPSETSHEL SETS/JUMPPLOT_$
COND PlsJUMPPLOT $

PLTSET PCDB9EQEXIN;ELT/PLTSETX9PLTPARvGPSETS,ELSETS/SvaNSIL/SoNo
JUMPPL OT==1 3

PRIMSG___PLISETX//_S

PARAM //*MPYR/PLTFLG/1/1 $

PARAM //RMPY#/PFILE/Q/0 $

COND PlyJUMPPLOT $

PLOT PLTPAvaPSETS’ELSETb9CASECC9BGPDT9€QEXIN’SIL!’ECT’9/PLOTX1/

NSIL/LUSET/SsNsJUMPPLOT/SeNIPLTFLG/SNIPFILE $

PRTMSG PLOTX1// 3

LABEL Pl 3

GP3 GEOM3sEQEXINIGEOMZ2/SL . TsGPTT/NOGRAV §

TAl ECT2EPT+BGPDTsSILeGPTT9sCSTM/ESTSGEIsGPECT 9 9 /LUSET/SsNINOSIMP=
=1/1/SsNINOGENL==1/SsNeGENEL 3

PURGE K4GGsGPST s0OGPST s MGG s BGG s K4NN K4FF9K4AAvMNNvMFFoMAAQBNNoBFF9BAA1
KGGX/NOSIMP/QGPST/GENEL 3%

COND LBL1YNOSIMP &

33




ORIGINAL PAGE IS
OF POOR QUALITY

34

PARAM //%#ADD®*/NOKGGX/1/0 §
 PARAM 7/%AD0O®*/NOMGG/1/0 §
| PARAM //%ADD®/NOBGG==1/1/0_ %
PARAM //%ADD*/NOK4GG/1/0 §
T EMG SST,CSTMIMPT 90T sGEOMZs /KELMIKOICTyMELMoMOICT,BELM,B0ICT/ S
[:j N9N0KGGK/S9N9NOMGG/S¢N9NOBGG/SvN9N0KAGG//C’Y9C0UPMASS/C§Ys
L CPBAR/C»YsCPROD/CsYsCPQUADL/CoYsCPQUAD2/CsYsCPTRIAL/CHYS
r CPTRIA2/CsYsCPTUBE/CsY CPQDPLT/CoYyCPTRPL T/CoY>CPTRESC $
" PURGE KGGX s GPST/NOKGGX/MGG/NOMGG 3 ' ’
T COND LBLKGGXyNOKGGX 3
EMA GPECTIKDICT sKELM/KGGXsGPST 3
LASEL LBLKGGX 3
COND LBLMGG sNOMGG_$
EMA GPECT sMDICT sMELM/MGGs/=1/CoYsWTMASS=1,0 3
LABEL LBLMGG $
COND LBLBGGINOBGG 3
EMA GPECTsBDICTsBE|LM/BGGs &
LABEL LBLBGG 3
COAND LBLK4GGsNOK4GG_$
EMA GPECT yKDICTsKELM/K4GGs/NOK4GG 3
| LABEL LBLK4GG S
| PURGE MNNsMFF sMAA/NQMGG 3
"~ PURGE. SBNNsBFF s BAA/NOBGG §
| COND LBL1sGROPNT 3
COND ERROR3sNOMGG_$
|__GPWG SGPOP yCSTMsEQEXINIMGG/0GPWG/ VY s GROPNT==~1/Cs Yy WTMASS 3
|_QFP OGPWG99999//SaNsCARDNQ $
_LABEL LBLLl 3
—EQUIV KGGXsKGG/NOGENL _$
| __COND LBL11sNQGENL $
SMA3 GEI yKGGX/KGG/LUSET/NOGENL /NQSIMP $
__LABEL L8L1IL $
' _PARAM //2MPY®/NSKIP/0/0 $
GP& CASECC,GEOM%sEQEXINSGPDT sBGPDT»CSTMsGPST/RGysUSETHASET/ LUSET/
S,NsMPCFI/S;N,MPCF2/$9NvSINGLE/S&NoOMIT/S)NoREACT/S9N9NSKIP/So
NsREPEAT/SsNeNOSET/SsNsNOL/SsNsNOA/CsYsASETOUT/ S»YsAUTOSPC 3
PURGE GM+GMD/MPCE 1/G0+GOD/OMIT/KESsPSTeQP/SINGLE $
} canD 1 BlL4sGENEL 3 .
' __COND {BL&sNOSIMP S ‘
PARAM //#EQ#/GPSPFL GZAUTOSPC/0 $
ConD LBL4yGPSPFLG §
GPSP GPL +»GPSTeUSETsSTL Z0GPST/SeNeNOGPST §
OF P QGPSTsss99//SeNsCARDNO
LABEL LBLe $
EQUIV K GGy KNN/MPCF1/MGG s MNN/MPCF 1/ 3GG .+ BNN/MPCF 1 /K4GG s K4NN/MPCF1 §
COND | BL2yMPCFl &
MCE1 USETs2G/GM $
MCE 2 SETeGMeKGGIMGGeBGG e KAGG/KNNIMNN e BNN o KGNN 3
| AREL 1812 $
EQUTY KNM.KFF/STNGI £ /MNN s MEEZS INGI E/RBNNBFFZS INGH F/KONN s KSFF /S TNGY £ _%
COND L 81 3+ SINGLE § .



ORIGINAL PAGE 1S
OF POOR QUALITY

USET o KNN s MNN s BNN s K 4NN/KEE oKESe oMEF +HFF ¢ K4FE

_SCE1l
iLAaEL LBL3 §$
—EQUIY KEF s KAA/OMIT &
CEQUTY MEF sMAA/ZOMIT 3
L EQUTV BFEESBAA/ZOMIT &
_FQUIV K4FF s K4AA/OMIT §
__COND LBLSQMIT $
FSMPl USET o XFFE 000 /G0 e KAASKQO !l 00s90s9s I
COND LBLMsNOMGG &
' SMP2 USETsGO+MEF/MAA &
| ARFL LHIM §
COND 1 B ByNOBGG $
SMp2 USETsGQsBFF/BAA 3
LABF} 188 $
COND LBL S+ NOK4GG &
SMP2 USETsGOsK4FF/K4AA §
L ARF LBILS &
PARAM //2ADD#/DRY/Z1 /0 $
| ABEL | BSBEG 3
pDPD DYNAMICSGPL oSTL sUSET/GPI DeSTIDsUSETDSTFPOOt o0L. ToeoNLFToTR| o
FGOYNZL USET/ZS eNe L USETD/NOTEL /SeNeNQDLTZNOPSOL Z  NOFRL/ZSeMNs
NOMI FTZ/SsNeNOTRL/NOFEN//S«NeNOQUE §
COND FRROR Ll «NQOIRL &
PURGE PNLOZNOMLFTS
FQUIV GOsGOD/NQUF /GM e GMD/NQUE_ §
PARAM //BNQP# /AL WAYS==1 %
SSG1 S TeRGPDTsCSTMeSIL 9EST oMPTsGPTTe+ENT eMGG2CASECCDIT/PG/IUSETL
NSKIP S
SSG2 USFT«GMe sKFSeGNeePG/RR+PNPSePL 3
RCOVR3 +PGePSe o /UDVTeRASePPT«PSTs o +TOL /9 /#ARASIC =/
NQUE % ]
SDR1 USETDs eUDVT eesGODsGMD sPSTeKFESe o ZUPY e s QP/1/#DYNAMICS#H 3
LABF] LBL1IT7T $
EQUIV CASECCoCASEXX/ALWAYS §
SDRZ2 CASEXX9sCSTMIMPTsDITSIEQDYNsSILD s 9 9BGPDPsTOL 9 sUPVIEST»XYCOB)
PPT/QPP1l+0GP1sQUPV]1I0ES1,0EF1yPUGV/*TRANRESP* $
SDR3 OPP1ls0WPlsQUPV]IIOQESLeQFEF]+/QPP2+0QP2+0UPVZS0ESCs0EFZs B
QF P QPP2+0QP2sQUPV2 e QFEF R 0FS2+//SsNs CARQONQ  $
__COND P2y JUMPPLOT $
PLOT PL TPARSGPSETSsELSETSsCASEXX+BGPDT «EQEXINSIP 9 +PUGYGPECTHQFES1/
PLOTAZ2ZNSIL/ZLUSERP/ZJUMPPL OT/PLTFL G/SeNPFILE & "
PRTMSG PLOTX2// %
LABEL Pe 3
XYTRAN XYCDR e PP 2 Q0GP 2+ QUP Y2 s QFS2 e NFF2/XYPI TT/*TRAN®*/#PSFT#/SeNePFILE/
SINsCARDNO $
XyYp1 ot AYPLTT// $
LABEL LBL13 3
SQFUT //DRY/#TQC #/uSQFPR/Q /% % /% B/ % /3% #/
L4 #/* #/#‘ - $
LABEL LBSEND %
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ORIGINAL PacE s
OF POOR QUALITY

|
|
' LABE| ERRORL %
|

JUMP FINIS 3
PRTPARM //=1/#DIRTRO* §
L ABE| ERROR3 §
| _PRTPARM //=3/%01RTRD* §
| _LABF| FINIS §
_PURGE  DUMMY/ALWAYS 3
| _END $
T TIME 3
'_DIAG l4
CEND

_SUBSTRUCTURE PHASE3

PASSWORD = MDILSYN

SOF(l) = FT1l9+500 3 CDC AND IBM

ENDSUBS

| _TITILE = TRUSS DYNAMIC ANALYSIS USING AUTOMATED MQDAL SYNTHESIS
DLQAD = 10l '
ISTEp = 490

QL 0oAD = AL{
DISP = ALl

FORCE = A{L

BEGIN BULK

 —CROD 1 1 1 2
| —CRQD Z2 1 2 3
CROD 1l 1 11 12
CRQD 12 1 12 13
| __CRQD 21 1 21 22
| __CROD 22 1 22 23
| _CROD 31 1 31 32
. _CROD 32 1 32 33
‘ CRQOD 41 1 41 42
' __CROD 42 1 42 43
| __CROD 111 1 1 11
} CROD 112 1 2 12
CRQD 113 1 3 13
| TCrOD 121 1 11 21
. CROD 122 1 12 22
i CROD 123 1 13 23
| _CROD 131 1 21 31
. _CRQOD 132 1 22 32
" _CROD 133 1 23 33
CROD 141 1 31 4]
CROD j 42 1 32 42
CROD 143 1 33 43
CROD 212 1 2 13
CROD 211 1 2 11
CRQD 221 1 12 21
CRQD 222 1 12 23
CROD 231 1 22 31
CRQD 232 1 22 33
CRQD 241 1 32 41
CRQD 242 1 32 43




i APPENDIX A. (concluded)

' GRDSET 3456
| GRID 1 30,0 20 20
10 2 .0 .0 .0

_GRID 11 30,0 40,0 .0
| GRID 12 .0 40,0 .0
| GRID 13 -30,0 40,0 .0
_GRID 21 30,0 80,0 .0
| _GRID 22 L0 80,0 .0
| GRID 23 -30.0 80.0 .0
__GRID 3] 30,0 1200 0
. _GRID 32 L0 120,0 L0
 GRID 33 -30,0 120,0 .0
| _GRID 41 30,0 160,0 L0

GRID 42 0 160,0 L0

GRID 43 -30,0 160,0 L0

MAT1 1 10,046 T .3 2,5-4

PROD 1 1 3

DAREA __ 980 42 1 1,0+3

TLoAD 2 Jo] 380 5 5.0 0.2
£ T596Fc 391 £ 9 3.0-3 _§ e v—<
__ENDDATA o

LEQF

11,30,27,UCLPs DDLP00948, 0,423KINS,
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Driver decks and sample bulk data for beam problem of case 1.

APPENDIX B.
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(concluded)

APPENDIX B.
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Driver decks and sample bulk data for beam problem of case 2.

APPENDIX C.
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Driver decks and sample bulk data fro beam problem of case 3.

APPENDIX D.
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APPENDIX D. (concluded)

E2 MAX '
égn ng INV o0 3000,00 10 10 +E3
égg SZx INV 0,0 1000.,0 40 40 +E25
égg Sfx Inv oV 2000.0 40 40 +£22
NDDATA

RM+rMe M+ Me
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